Abstract Statistical analysis of water quality parameters were analyzed at Harike Lake on the confluence of Beas and Sutlej rivers of Punjab (India). Mean, median, mode, standard deviation, kurtosis, skewness, coefficient of variation, regression lines, correlation coefficient, Hurst exponent, fractal dimension and predictability index were estimated for each water parameter. Monthly variation of water quality index using month-wise and parameter-wise value of quality rating and actual value present in water sample was calculated and compared with World Health Organization/ Environmental Protection Agency standard value of these parameters. It was observed that Brownian time series behavior exists of potential of hydrogen with total dissolved solids, hardness, alkalinity, sulfate, chloride and conductance parameters; biochemical oxygen demand with total dissolved solids, hardness, alkalinity, sulfate, chloride, conductance and calcium parameters; dissolved oxygen with total dissolved solids, hardness, alkalinity, sulfate, chloride, conductance and calcium parameters; ferrous with total dissolved solids, hardness, alkalinity, sulfate, conductance and calcium parameters; chromium with total dissolved solids, hardness, alkalinity, sulfate, chloride, conductance and zinc parameters; zinc with total dissolved solids, hardness, sulfate, chloride, conductance and calcium parameters; fluoride with total dissolved solids, hardness, alkalinity, sulfate, chloride and conductance parameters; nitrate with total dissolved solids, sulfate and conductance parameters; nitrite with potential of hydrogen, total dissolved solids, hardness, alkalinity, sulfate, chloride, conductance and calcium parameters. Also, using water quality index, it was observed that water of the lake was severely contaminated and became unfit for drinking and industrial use.
Introduction
Rivers are most important resources of water. Water is a valuable natural resource and natural water always contains dissolved and suspended substances of organic and mineral origin (Prasad and Narayana 2004) . Sutlej and Beas rivers reach Harike Lake (Punjab, India) after crossing many states of India and effluents from different cities, towns and villages get mixed and make the river water polluted. Pollution in river water is continuously increasing due to urbanization, industrialization, etc. Many rivers are dying due to pollution which is an alarming signal (Jain et al. 2005; Phiri et al. 2005; Parmar et al. 2009 ). Water quality parameters and the effects of trace metals from industrial wastes, municipal sewage and agricultural runoff on river water quality have been investigated (Alam et al. 2007; Akoto and Adiyiah 2007) . The analysis of the simultaneous effect of water pollution and eutrophication on the concentration of dissolved oxygen (DO) in a water body shows that the decrease in the concentration of DO is much more than when only a single effect is present on the water body, thus leading to more uncertainty about the survival of DOdependent species (Shukla et al. 2008 ). Water quality index (WQI) technique provides a single number that expresses the overall water quality at a certain location and time, based on several water quality parameters (Kumar and Dua 2009) . Qualitative analysis and World Health Organization/ Environmental Protection Agency (WHO/EPA) water quality standards (WHO (1971) are used for calculating water quality indices.
Treatment of domestic wastewater using laboratory-scale hybrid upflow anaerobic sludge blanket (HUASB) reactor reduced the treatment cost significantly (Banu et al. 2007 ). The oxidation treatment system constructed under the riverbed of Nan-men Stream located at the Shin Chu City of Taiwan has been modeled such that it has significant efficiency (Juang et al. 2008) . Trihalomethane compounds were determined in the drinking water samples that were collected from the selected consumption sites and treatment plants of both Okinawa and Samoa islands and it was observed that the chloroform and bromodichloromethane compound exceeded the level of Japan water quality and WHO standards (Imo et al. 2007 ). Water quality of watersheds is studied using hydrochemical data that mingle multiple linear regression and structural equation modeling (Chenini and Khemiri 2009; Chenini et al. 2008; Mousavi et al. 2008 ). Regression equations can be used to estimate constituent concentrations. Constituent concentrations can be used by water-quality managers for comparison of current water-quality conditions to water-quality standards. Examination of stream flow and physical properties of water that act as surrogates for constituents of interest also helps in the collection of waterquality samples (Vassilis et al. 2001; Psargaonkar et al. 2008; Joarder et al. 2008; Carlson and Ecker 2002; Korashey 2009 ). The statistical regression analysis of underground drinking water obtain from IM 2 hand pumps at Moradabad, India was studied and observed that drinking water quality could be checked effectively by controlling the conductivity of water (Sinha and Kumar 2010) .
The dispersion coefficient represents the rate of pollution and is an important parameter for air or water pollution modeling. In general, two-or one-dimensional dispersion coefficients are required for modeling. Fuzzy logic model based on Mamdani approach was developed to estimate the flow for poorly gauged mountainous basins. The stream and time coefficients were used as variables for modeling. The data were divided into training and testing phases. The model results were compared with the measured data. The comparison depends on seven statistical characteristics, four different error modes and the contour map method. Thus, the fuzzy model provides more accurate and reliable results (Toprak 2009; Toprak et al. 2004 Toprak et al. , 2009 Toprak and Savci 2007; Aksoy et al. 2004; Toprak and Cigizoglu 2008) .
The Indian climate dynamics was studied using fractal dimensional analysis and analyzed time series data of three major dynamic components, i.e., temperature, pressure and precipitation. It has been observed that regional climate models would not be able to predict local climate as these deal with averaged quantities and the precipitation during the southwest monsoon is affected by temperature and pressure variability during the preceding winter. Time series can be modeled by a stochastic process possessing long range correlation (Rangarajan and Sant 2004; Rangarajan and Ding 2000; Movahed and Hermanisc 2008; Kahya and Kalayci 2004) . Hurst parameter for long rangedependent processes using wavelet technique provides the asymptotic linear relationship of the basis for construction of an estimator (Park and Park 2009) .
In this study, statistical analysis, regression equations, Hurst exponent, fractal dimension, predictability index and water quality index of water parameters were estimated at the confluence of Sutlej and Beas rivers at Harike Lake, Punjab. The river map of India is shown in Fig. 1 .
Methodology

Chemical analysis
The water samples were collected from Harike Lake (on the confluence of Sutlej and Beas rivers) once in a month for a year. These samples were collected in 2-L bottles, properly rinsed with 8 mL of HNO 3 and followed by repeated washing with distilled water. Using the standard methods and procedures of sampling and estimation as prescribed in APHA (1995), the 16 water quality physicochemical parameters including 6 cations, 5 anions besides dissolved oxide (DO), biochemical oxygen demand (BOD), total dissolved solids (TDS), potential of hydrogen (pH) and conductivity were measured.
Water quality index (WQI)
The quality rating Q n is defined as:
where v n is the actual value of each water parameter present in the water sample. v i is the ideal value of each water parameter (0 for all parameters except for pH and DO whichare 7.0 mg/L and 14.6 mg/L, respectively). v s = recommended WHO/EPA standard of each parameter (Parmar et al. 2009 ). Unit weights W n for each water parameter are inversely proportional to S n (water quality standard adopted worldwide as prescribed by WHO/EPA). i.e.,
where k is a constant of proportionality. Let
and sub-indices (SI) be given by
The overall WQI is defined (by taking geometric mean of sub indices) as:
In order to assess the extent of contamination or the quality of drinking water, the following assumptions are made: WQI \ 50: fit for consumption. 50 \ WQI \ 80: moderately contaminated. 80 \ WQI \ 100: excessively contaminated. WQI [ 100: severely contaminated (Kumar and Dua 2009) .
Statistical analysis
Statistical analysis is used to calculate mean, median, mode, standard deviation, kurtosis, skewness and coefficient of variation. Mean explains the average value. Median gives the middle values of an ordered sequence or positional average. Mode is defined as the value which occurs the maximum number of times that has the maximum frequency. Standard deviation gives the measure of ''spread'' or ''variability'' of the sample. Kurtosis refers to the degree of flatness or peakedness in the region about the mode of a frequency curve. Skewness describes the symmetry of data. Coefficient of variation gives the relative measure of the sample (Rangarajan 1997) .
Regression analysis
It is a technique used for modeling and analyzing the variables present in a sample. Regression analysis helps in understanding the variation in value of the dependent variable as independent variables are varied, while the other independent variables are held fixed. Regression line of Y (dependent variable) on X (independent variable) is defined as
(Chenini and Khemiri 2009) where C is a constant of integration,
r Y ; r X are standard deviation of variables Y and X, respectively, and E(X), E(Y), E(XY) are the expected value of variables X,Y and XY, respectively. 
Hurst exponent (H)
It refers to the index of dependence. It quantifies the relative tendency of a time series either to regress strongly to the mean or to cluster in a direction. The value of the Hurst exponent ranges between 0 and 1. A value of 0.5 indicates a true random walk (a Brownian time series). In a random walk, there is no correlation between any element and a future element. A Hurst exponent value H, 0.5 \ H \ 1 indicates ''persistent behavior'' (a positive autocorrelation).
If there is an increase from time step t i-1 to t i , there will probably be an increase from t i to t i?1 . The same is true of decreases, where a decrease will tend to follow a decrease. A Hurst exponent value, H 0 \ H \ 0.5, will exist for a time series with ''anti-persistent behavior'' (or negative autocorrelation). Here, an increase will tend to be followed by a decrease or decrease will be followed by an increase. This behavior is sometimes called ''mean reversion''. (Rangarajan and Sant 2004) . Also, Hurst exponent can be calculated using power law decay pðkÞ ¼ Ck Àa (Rangarajan and Ding 2000) where C is a constant and p (k) is the autocorrelation function with lag k. The Hurst exponent is related to the exponent alpha in the equation by the relation
It is a statistical quantity that gives an indication of how completely a fractal appears to fill space, as one zooms down to finer and finer scales. (Rangarajan and Sant 2004) . Also, fractal dimension is calculated from the Haussdorf dimension. The Haussdorf dimension, D H , in a metric space is defined as
where N(e) is the number of open balls of a radius e needed to cover the entire set. An open ball with center P and radius e in a metric space with metric d is defined as a set of all points x such that d (P,x) \ e.
Predictability index (PI)
It describes the behavior of the time series Rangarajan 1997) . PI value increases when D value becomes less than or greater than 1.5. In the former case, persistence behavior is observed, while in the latter, an anti-persistence. If one of these indices comes close to 0, then the corresponding process approximates the Brownian motion and is therefore unpredictable.
Results and discussion
Using Eqs. (1) and (2), the estimated quality rating Q n , actual value v n ð Þ along with WHO/EPA standards v s ð Þ and assigned unit weights (W n ) of 16 physico-chemical parameters are calculated and shown in Table 1 . Using Eq. (3), the monthly value of water quality index (WQI) was calculated and shown in Table 2 . Using values from Table 2 , graphs are plotted as in Fig. 2 . It was observed that WQI calculated values were exceptionally high compared with the prescribed limits. Due to heavy rainfall during July, August, September, December and January, dilution occurs in lake water and a minimum value of WQI is observed in rainy months. In the months from July to September, rains occur due to monsoons, but in winter (December-February) rains occur due to typhoons from the Persian Gulf. In the summer season, due to high temperature (up to 46°C), high rate of evaporation takes place and the concentration of contaminants increases during this season. In general, it was observed that lake water was severely contaminated and became unfit for drinking and industrial use. Table 3 shows the mean, median, mode, standard deviation, skewness, kurtosis and coefficient of variation of the 16 water quality parameters at Harike Lake, which is also plotted in Fig. 3 . Using Eqs. (4, 9), regression equations, coefficient of correlation, Hurst exponent, fractal dimension and predictability index value of water parameters at Harike Lake were calculated and shown in Table 4 . From Tables 3 and 4, the following results were observed. pH Average value, positional average and mode of pH were 8. 37, 8.375 and 8.383, respectively . These values are approximate to 8.37; thus, the data indicate normal behavior. Standard deviation (SD) is 0.121 and skewness is approximate to 0, thus pH is symmetrical and values are very close to each other. The curve is platykurtic, as kurtosis is less than 3. pH shows Brownian time series (true random walk) behavior with TDS, hardness, alkalinity, sulfate, chloride and conductance parameters, persistent behavior with BOD, DO, chromium (Cr) 
